Prediction of falls in rehabilitation and acute care geriatric setting  by Aizen, Efraim & Zlotver, Elena
at SciVerse ScienceDirect
Journal of Clinical Gerontology & Geriatrics 4 (2013) 57e61Contents lists availableJournal of Clinical Gerontology & Geriatrics
journal homepage: www.e- jcgg.comOriginal article
Prediction of falls in rehabilitation and acute care geriatric setting
Efraim Aizen a,b,*, Elena Zlotver a
a Fliman Geriatric Rehabilitation Hospital, Haifa, Israel
bBruce Rappaport Faculty of Medicine, Technion Institute of Technology, Haifa, Israela r t i c l e i n f o
Article history:
Received 8 October 2012
Received in revised form
30 October 2012
Accepted 6 January 2013
Keywords:
Acute care
Elderly
Falls
Hospitalization
Rehabilitation* Corresponding author. Fliman Geriatric Rehabilita
Street, PO Box 2263, Haifa 31021, Israel.
E-mail address: eaizen_il@yahoo.com (E. Aizen).
2210-8335/ Copyright  2013, Asia Paciﬁc League of C
http://dx.doi.org/10.1016/j.jcgg.2013.01.001a b s t r a c t
Purpose: To examine the feasibility to develop an efﬁcient and applicable geriatric hospital-speciﬁc fall
risk-prediction tool.
Patients and methods: This is a prospective cohort study in ﬁve rehabilitation units and one acute care
geriatric unit at a geriatric hospital. In total, 1013 patients aged over 65 years were admitted during a 6-
month period. Fourteen patient characteristics found in previous studies to be risk factors for falls were
tested for predictive validity. The characteristics included: age, gender, history of falls, dementia,
delirium, use of psychoactive drugs, using a wheelchair, acute illness, state of post joint arthroplasty,
Parkinson’s disease, stroke, heart disease, vision disturbance, and hospitalization for deconditioning.
Each of the characteristics was assessed individually for their predictive power based on logistic
regression models.
Results: Dementia (p < 0.001) and delirium (p ¼ 0.005) predicted falls in patients hospitalized for
rehabilitation. In the multivariate model, only dementia was a signiﬁcant predictor in these patients,
(p ¼ 0.014), while delirium only approached signiﬁcance. Being hospitalized for rehabilitation after
arthroplasty was a negative predictive factor of falls (p ¼ 0.022). Among acute care patients, only being
operated on in the past for joint arthroplasty (p ¼ 0.035) predicted falls in the multivariate model, while
using a wheelchair was a negative predictive factor (p ¼ 0.023).
Conclusion: The current study reveals a poor predictive value for falls for most patient characteristics
(except delirium and dementia) in elderly hospitalized patients, illustrating the incertitude of developing
and using predictive falls tools based on such characteristics in hospitalized elderly patients.
Copyright  2013, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC.
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Falls are one of the major health problems of geriatric centers.
There appears to be a lack of knowledge about patients’ falls in
geriatric rehabilitation settings. Risk factors for falls in geriatric
centers are likely to differ from other settings. In any individual
hospital unit, the rate of falls depends on case mix, environment,
and care practices. Fall rate in settings providing stroke rehabili-
tation, was found to be 0.76e0.95 falls/patient.1 Among various
forms of geriatric care, 80e90% of patients’ injuries were caused by
falls.2 The risk of falls is especially high among stroke patients,
among whom the frequency rates range is 25e39%.1
Confusion, unsafe gait, and wheelchair conﬁnement were found
to be signiﬁcant risk factors for falls in both geriatric and stroke
rehabilitation patients.3 Several other risk factors have been showntion Hospital, Zalman Shneur
linical Gerontology & Geriatrics. Pinconsistently in previous studies to be associated with an
increased frequency of falling among stroke patients during reha-
bilitation. These studies have shown that postural sway, impair-
ment in response speed, rightward orienting bias among right-
hemisphere stroke patients, moderate to severe disability on
admission, dysphagia, apraxia, and cognitive deﬁcit were more
common in patients who fell.1,4
There has been extensive literature concerning fall prevention
strategies for older people that have demonstrated the beneﬁts of
certain interventions.5,6 However, results may not be generalized
from their speciﬁc study populations to other populations because
of variations in clinical practice, environmental risk, and casemix. A
cornerstone of most fall-prevention programs is prediction of falls
by identiﬁcation of risk factors. Clinical prediction rules are tools
designed to predict health outcomes. Risk assessment tools for
prediction of falls typically include a number of risk factors from a
patient’s history and physical examination.7 In reviewing studies
that address the development or testing of risk assessment tools for
hospitalized patients, we found that most tools in these studiesublished by Elsevier Taiwan LLC.
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Table 1
Odds ratio (OR) and 95% conﬁdence intervals (CI) from the univariate logistic
regression model for patients hospitalized for rehabilitation.
Item Univariate analysis
OR 95% CI p
Female 1.15 0.68e1.93 0.348
Age > 80 y 0.98 0.58e1.64 0.512
History of falls 1.34 0.79e3.39 0.157
Dementia 2.64 1.52e4.56 <0.001
Delirium 2.37 1.32e4.25 0.005
Psychoactive drugs 1.31 0.78e2.20 0.185
Wheelchair 0.95 0.37e2.47 0.532
Acute disease 2.02 0.91e4.49 0.073
Joint arthroplasty 0.53 0.32e0.89 0.011
Parkinson’s disease 1.044 0.97e1.12 0.115
Stroke 1.16 0.67e2.01 0.351
Heart disease 1.24 0.64e2.39 0.316
Vision disturbances 0.83 0.25e2.75 0.519
Deconditioning 1.06 0.55e2.05 0.483
E. Aizen, E. Zlotver / Journal of Clinical Gerontology & Geriatrics 4 (2013) 57e6158were typically self-developed.3,8e12 Most studies did not cite the
reliability, sensitivity, or speciﬁcity of the assessment tool. Only two
risk assessment tools (Morse Fall Scale and STRATIFY risk assess-
ment tool) that were developed and validated to predict falls
occurring in hospital were validated prospectively.8,11 However,
prediction by these toolsmight beweakened by the absence of item
weighting, as certain patient characteristics may have greater value
in predicting falls.13 Moreover, using non-facility-speciﬁc fall risk
indexes (e.g., the Downton Score that is useful in residential care
facilities) in a geriatric hospital might result in fall-prevention
programs that have only a scarcity of solid evidence for successful
prevention.14,15
In reviewing these studies, we did not ﬁnd a properly validated
tool developed to predict falls occurring among patients hospital-
ized in geriatric rehabilitation hospitals. We reported previously, in
a study that investigated the characteristics and risk factors pre-
dictive of falls in patients hospitalized in a geriatric rehabilitation
hospital, that risk factors for falls differ between different groups of
rehabilitation patients, and that the selection of population may
affect which combination of risk factors are identiﬁed.16
The purpose of this study was to develop and investigate the
operational characteristics of an acute geriatric care and rehabili-
tation adjusted risk assessment tool, to identify fallers in geriatric
rehabilitation units and in the acute wards for elderly patients. We
aimed to develop a risk assessment tool derived from the results of
our previous study, from the current study, and from published
papers on risk factors and risk assessment tools for falls in hospi-
talized patients.9,10,16,17
2. Methods
2.1. Setting and participants
Data were collected over a 6-month period at the Fliman Reha-
bilitation Geriatric Hospital (a 150-bed public geriatric facility
afﬁliated with the Technion-University Medical School and located
in Haifa, Israel), from June 2011 to December 2011. All patients aged
over 65 years admitted consecutively to the ﬁve geriatric rehabili-
tationwards (having a total of 125 beds) and to the acute elderly care
ward, (with a total 25 beds) were assessed. Exclusion criteria were
patients admitted for palliative care due to advanced cancer and
bed-bound patients whowere dependent in all functions according
to the Katz index independence of activities of daily living (ADL).18
2.2. Deﬁnition of clinical outcomes
Clinical outcomes studied were “fallers” versus “nonfallers”.
“Fallers” were patients having one or more falls during hospitali-
zation. A fall was deﬁned as “an incident in which a patient sud-
denly and involuntarily came to rest upon the ground or a surface
lower than their original station.” Assessment was blinded to the
rationale for assessing predictor variables, incident report noted at
the time of fall, location, injury sustained, type of fall, and potential
causative factors. All falls occurring after screening recorded in the
wards incident book were included as an outcome.
2.3. Testing predictive validity of the patient characteristics
Fourteen patient characteristics found to be signiﬁcantly and
independently associated with falling (Table 1) were assessed as
predictive variables. Selection of the patient characteristics
assessed was based on regression coefﬁcients from multivariate
logistic regression models, from the results of our previous study
and from other published papers in which the outcome was the fall
of the hospitalized elderly patient.9,10,16,17 Our aimwas to develop asimple weighted scoring system that will give the risk score for
each patient.
All other patient characteristics tested, other than age, gender,
and history of falls, were deemed to be “present” if their presence
was severe enough to cause functional impairment (dependent in
at least two functions in the Katz index of ADL).18 Delirium was
assessed by the confusion assessment method, the most commonly
used and validated diagnostic instrument.19 Diagnosis of dementia
was based on a standardized clinical approach using Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition.20 History of falls
was deﬁned in patients who had two or more falls over the last
6months. Patients were classiﬁed as wheelchair-bound if they used
a wheelchair most of the day and the wheelchair was not self-
propelled. Acute diseases included patients who became ill dur-
ing hospitalization. Joint arthroplasty included all surgeries done to
restore and reconstruct the hip joint. Heart disease included pa-
tients after an acute coronary event, following heart surgery or an
exacerbation of congestive heart failure. Deconditioning was
deﬁned as a loss of endurance and function following a period of
inactivity and immobility mostly due to prolonged hospitalization.
Psychoactive drugs assayed were antipsychotics, antidepressants,
and benzodiazepines.
All 14 patient characteristics tested were obtained for all pa-
tients admitted once a week. Nurses were not made aware of the
testing. For each week of the study, predictive validity of the patient
characteristics of patients who fell were compared with those of
similar patients who did not fall.2.4. Data analyses
Each of the 14 items was assessed individually for their pre-
dictive power based on logistic regression models. The purpose of
the study was to examinewhether the predictive variables could be
used to produce a risk assessment tool by assessing the variables for
their predictive power based on the logistic regression model in
two separate populations of hospitalized individuals: geriatric
rehabilitation patients and acute elderly care patients. Each week
was treated as a separate datum, and no adjustment was made for
repeated measures on the same patient. All analyses were per-
formed using SAS.3. Results
Over 6 months, 1013 patients were screened for falls, 776 pa-
tients hospitalized for rehabilitation, and 237 patients for acute
Table 3
Odds ratio (OR) and 95% conﬁdence intervals (CI) from the univariate logistic
regression model for patients hospitalized for acute geriatric care.
Item Univariate analysis
OR 95% CI p
Female 1.87 0.67e5.21 0.170
Age > 80 y 0.41 0.14e1.20 0.094
History of falls 1.67 0.60e4.66 0.230
Dementia 0.69 0,25e1.92 0.321
Delirium 0.48 0.06e3.77 0.412
Psychoactive drugs 1.91 0.60e6.12 0.202
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and 622 (61.4%) patients were female. The diagnoses most
responsible for hospitalization in the rehabilitation patient sample
were: stroke (221, 28.5%); orthopedic surgery (475, 61.2%); and
deconditioning (70, 8.9%). The diagnoses most responsible for
hospitalization in the acute geriatric care sample were: infectious
disease (166, 70.1%) and cardiovascular disease (62, 26.2%). Eighty
patients (7.9%) [64 patients (8.2%) of those hospitalized for reha-
bilitation, and 16 (6.8%) of those in acute geriatric care] fell at least
once during their hospitalization. There was a total of 94 falls.Wheelchair 0.36 0.13e1.01 0.048
Acute disease 0.65 0.23e1.85 0.293
Joint arthroplasty 2.16 0.75e6.25 0.128
Parkinson’s disease 0.92 0.11e7.41 0.705
Stroke 1.04 0.28e3.84 0.582
Heart disease 1.77 0.62e5.09 0.215
Vision disturbances 1.27 0.15e10.53 0.577
Deconditioning 1.77 0.54e5.81 0.2583.1. Predictive variables
Rehabilitation patients Based on univariate logistic regression
(Table 1), dementia (p < 0.001) and delirium (p ¼ 0.005) predicted
falls in patients hospitalized for rehabilitation, while being hospi-
talized for rehabilitation after arthroplasty was a negative predic-
tive factor of falls [odds ratio (OR) ¼ 0.53, p ¼ 0.011]. When the
intercorrelations between these independent variables were
controlled for using multiple logistic regression (Table 2), only
dementia (p ¼ 0.014) remained a signiﬁcant predictor, while being
hospitalized for rehabilitation after arthroplasty was still a negative
predictive factor of falls (OR ¼ 0.48, p ¼ 0.022).
In terms of the magnitude of the associations from this multi-
variate model, the odds of falling was more than two-fold in in-
dividuals with dementia [OR ¼ 2.17; 95% conﬁdence interval
(CI) ¼ 1.71e3.17]. There was also a tendency among patients
suffering from delirium to be in a high risk state for falling
(OR ¼ 1.74; 95% CI ¼ 0.91e3.33; signiﬁcant only in univariate
analysis). The association, in terms of the magnitude, from this
multivariate model was a <50% probability of falling in individuals
hospitalized for rehabilitation after arthroplasty (OR ¼ 0.48; 95%
CI ¼ 0.25e0.90).
Acute care patients. Only being operated on in the past for joint
arthroplasty predicted falls in patients hospitalized in acute geri-
atric care, and only when the intercorrelations between variables
were controlled for using multiple logistic regression (p ¼ 0.035;
Table 3). In terms of the magnitude of the associations from this
multivariate model the odds of falling was more than four-fold in
these patients (OR ¼ 4.38; 95% CI ¼ 1.10e17.27).
Using a wheelchair while being hospitalized in acute geriatric
care was a negative predictive factor of falls, based on univariate
logistic regression (p ¼ 0.048), and when the intercorrelations
between variables were controlled for using multiple logistic
regression (p ¼ 0.023). The association, in terms of the magnitude,
from this multivariate model was a <25% probability of falling in
individuals hospitalized for rehabilitation after arthroplasty
(OR ¼ 0.22; 95% CI ¼ 0.06e0.81).3.2. Risk assessment tool
Due to the fact that only two risk factors for falls among our
patients hospitalized for rehabilitation were signiﬁcantly identiﬁed
(dementia and delirium), it was not possible to create a list ofTable 2
Odds ratio (OR) and 95% conﬁdence intervals (CI) from the multivariate logistic
regression model for patients hospitalized for rehabilitation.
Item Multivariate analysis
OR 95% CI p
Dementia 2.17 1.17e4.02 0.014
Delirium 1.74 0.91e3.33 0.94
Joint arthroplasty 0.48 0.25e0.90 0.022weighted risk factors. This ﬁnding was even more remarkable
among acute care patients, where only one risk factor (being
operated on in the past for joint arthroplasty) was signiﬁcantly
identiﬁed.4. Discussion
There is extensive literature concerning interventions to prevent
falls in hospitals. There is some evidence that fall risk-prediction
tools are important components of these interventions. Identi-
fying those at risk allows targeted assessment and intervention to
prevent falls. This study demonstrated that this approach might be
problematic.
Risk factors included in screening for falls in hospitalized pa-
tients have largely been inconsistent across studies with varying
methods. Findings have inconsistently emphasized environmental
and equipment safety, medication, hypotension, visual impairment,
muscle weakness or postural instability, cognitive impairment,
restlessness, and agitation as predictive variables for falls. Never-
theless, it is not yet clear how tomaximize prediction. The variables
included in different studies do not overlap entirely and some
studies incorporate variables with poor or inconsistent predictive
validity. It is most important, that the predictive ability of a tool
should be prospectively validated in the population inwhich it is to
be used. We found in the current study, and also by reviewing our
previous study in which participants assessed were very similar,16
that the predictive validity of most variables was inconsistent
among similar patient populations and over time. Although we
tried to create a “homemade” tool, it did not succeed in demon-
strating good predictive “internal validity”.
Our ﬁnding of poor predictive validity of most variables arouses
several burdensome questions about the use of scoring falls risk
assessment tools. It is doubtful in view of the extreme changing
nature of the variables examined as risk factors for falls that one can
create a really practical risk assessment tool that will perform well
enough across all elements of predictive validity. Such scores,
which in addition to their poor validity, purport simplistically to
classify patients as having a “high”, “medium”, or “low” risk. There
is some evidence that using a scoring risk assessment tool is not
always better than the routine clinical judgment of staff.21
Another concern is over the fact that the nature of hospitalized
sick older people is that their falls risk is often variable over time as
they progress and recover from acute illness. If one decides to use a
falls risk-assessment tool it should not be applied as a “one-off”
measurement that does not reﬂect the changing nature of
E. Aizen, E. Zlotver / Journal of Clinical Gerontology & Geriatrics 4 (2013) 57e6160hospitalized elderly.17 Our attempt to overpower this problem by
obtaining patient characteristics and calculating the weighted risk
score for all patients once a week, did not change the ﬁnal poor
predictive validity of most variables.
There is a growing body of evidence on interventions to prevent
falls in hospitals and the use of falls risk-prediction tools as a major
component of these interventions.22,23 We must have an under-
standing of the above-mentioned limitations of using such tools in
“real-life” falls policies in hospitals. If one decides to use a falls risk
assessment, we recommend that every type of medical facility
construct its own facility-speciﬁc risk assessment tool and check its
predictive ability prospectively in a population similar towhich it is
to be used. Another way of optimizing prediction might be con-
structing disease-speciﬁc risk assessment tools (e.g., a poststroke
risk assessment tool) checking predictive ability prospectively in a
population with similar diseases.24 Our current recommendation
for clinical practice is the use of “checklists” of known common risk
factors to prompt speciﬁc action by the staff. This approach
prompts good comprehensive geriatric assessment and care plan-
ning. According to our ﬁndings the checklist must include dementia
and delirium among other factors.
This study highlighted the difﬁculties of developing a single
falls predictive tool owing to the wide range of factors associated
with falls, the varying proﬁles relating to environmental status
and the problems with validating fall events.24 These features may
explain why in this study we identiﬁed only two risk factors for
predicting future falls among our patients; and the surprising
ﬁnding that being hospitalized for rehabilitation after arthroplasty
and using a wheelchair are negative predictive factors for falls. We
assume that hospitalization after arthroplasty was found to be a
preventing factor due to the clear and strict mobility scheme of
these patients in the rehabilitation ward. The primary concern
following arthroplasty is ambulation. The progress of ambulation
is under strict supervision, which may be protective for these
patients.
Although the nature of rehabilitation is to encourage indepen-
dence and mobility, opening up situations where fall events can
occur, we did not observe a higher rate of falls during stay in
rehabilitation wards (8.2%), compared to acute wards (6.8%).
Our ﬁndings also conﬁrmed the relationship between cognitive
impairment and falls in older hospital inpatients. The results are
consistent with comparable studies, which have shown a high fall
risk for older people affected by cognitive impairment, in particular
dementia and delirium.25,26 Themost common reasons for falls that
are found speciﬁcally in patients with cognitive impairment and
dementia are postural instability, medication, neurocardiovascular
instability, and environmental hazards.
Geriatric rehabilitation departments differ from acute care
wards in many respects, which can explain the differences be-
tween the two groups of patients. In the acute care geriatric de-
partments, patients are hospitalized for acute medical illness,
which in most patients causes a complex process of functional
decline. Poor nutrition, excessive bed rest, sleep deprivation, and
multiple drug treatment are all complicating factors in these pa-
tients. Elements of hospitalization in acute care include a multi-
faceted intervention that integrates geriatric assessment with
optimal medical, nursing, and rehabilitation care provided by the
relevant health professionals. The geriatric rehabilitation de-
partments differ from acute care departments in many respects.
Early on, fundamental changes in the principles using the selec-
tion process yield a more impaired patient population. Special
programs are in place to assess and meet the increased needs of
this population. The design of the department and the structuring
of therapies are meant to optimize the patients’ ability to beneﬁt
from rehabilitation. Finally, departmental policies have beendesigned to encourage the relearning of self-care skills, both
within and in addition to therapies.
This study has several potential methodological limitations. Our
nurse and patient incident fall reports may not capture all falls.
However, we found that our documented rate of falls was similar to
previous years in our setting. There is also a possibility that
completing risk assessments inﬂuences how nurses respond to
patients in terms of falls prevention strategies. It is unknown if this
factor affected the true rate of falls in our setting. However, it is
predicted that this effect is likely to be minimal given the fact that
nurses were not made aware of the scores obtained. Finally, given
that the sample size might not be perfectly adjusted, the groups
may not be absolutely balanced. For this reason caution must be
applied, as the ﬁndings might not be transferable to the other
population of patients.
In conclusion, this study illustrates the uncertain nature of
developing and using predictive falls tools as “one-off” measure-
ments in hospitalized elderly patients. Although using a fall pre-
diction tool to target patients in hospitals for falls preventing
strategies is an attractive idea, the operational limitation of such
tools in daily practice needs to be fully considered.References
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